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were younger survivors who commemorated the death of older people. This has led to an incorrectable bias in the surviving age at death statistics. Once again, young infants were undercommemorated. In general, the pattern of commemoration is far too dependent on custom and the availability of a commemorator to reflect accurately actual demographic patterns.8
The sex ratio of an ancient population cannot be determined by counting the number of males and females portrayed in art and literature. Warfare was endemic to Greek and Roman society largely because of the classical system of competitive values.9 Moreover, because of the primitive technological basis of the ancient economy, the motive force for commerce, industry, and agriculture w as largely the muscle power of men and animals. All these occupations were accompanied by great risks to life and health, such as piracy, banditry, tedious drudgery, shipwreck, and disease. For these reasons, males outnumbered females in political and military activities and played more significant roles in the economic structure of antiquity. It is hardly surprising, therefore, that males are depicted more often than females in art and literature concerning political, military, or economic topics.
It may seem hazardous to reconstruct the demographic structures of ancient populations for which little reliable census data is preserved. Nevertheless, population differs from other topics of historical analysis because it is to some degree a self-contained process, invariant and irrespective of cultural context.10 There are a fewN,, basic demographic principles concerning ancient human populations, and these show that a high rate of female infanticide w as impossible.
First, the sex ratio for newborn human infants is about 1 female for every 1.05 males in all populations for which there is recorded evidence, and, doubtless, this ratio was the same in antiquity.1' The female-male ratio at birth fluctuates between 1: 1.01 to 1: 1.06, but averages 1: 1.05 for any large group. For the sake of convenience, a sex ratio at birth of 1: 1 will be used in the hypothetical reconstruction given below, but the use of this ratio rather than the actual ratio will not affect the conclusions of this paper.
Second, the rate of natural increase of any population-its growth rate excluding immigration and emigration-is based on the difference be- tween its birth rate and death rate."2 If the former is higher than the latter, the population will grow, but if the latter is higher, it will decline. Both population growth and decline occur at geometric rates, since in the first instance, more numbers are added to an increasingly larger base while in the second, numbers are subtracted from an ever decreasing base.
The rate of natural increase for any ancient population was small or nonexistent. This may be determined in a variety of ways. First, one may compare the approximate rate of population growth during the demographic transition which occurred in the eighteenth century. During this period, when the first reliable data exist for much of the world's population, the human population began to experience an unprecedented rate of growth which still continues today.'3 This upsurge in growth during the eighteenth century resulted from a decline in the mortality rate rather than from an increase in the birth rate. Although the precise reasons for the declining death rate are not yet fully understood, they can be partially explained by an improvement in diet made possible by the diffusion of New World crops in the Old World, an increasing immunity to infectious diseases, improved hygiene, environment, and living conditions, as well as an increasing amount of useful medical knowledge.'4 In the fifty-year period from 1750 to 1800, when the transition was well under way, the world's population grew at an annual rate of about 4.2 per 1,000.1' It is generally acknowledged that this rate of population growth was without precedent, and hence, when ancient populations grew at all, their growth rate must have been considerably less.'6 An alternative method of analyzing population growth rates in antiquity is to examine the consequences that a given rate would have for the size of the population. For example, if there were 50,000 inhabitants in Attica in 800 B.C. and the population grew at an annual rate of 5 per 1,000 (only onequarter of the present rate of increase), the population would increase to 100,000 by 661 B.C., to 200,000 by 522 B.C., and to 400,000 by 383 B.C., which is far higher than the most optimnistic estimate of Attica's population.'7 Note also that these projected figures exclude any immigrants into Attica, which we know from historical sources composed a substantial portion of the population. Similarly, if there were 50,000,000 inhabitants of the Roman Empire in 1 A.D. and the population grew at a rate of 5 per 1,000 per year, there would be 100,000,000 by the death of Hadrian, and 200,000,)000 by the death of Aurelian, which is approximately the size of the population of modern Europe. These large figures for the number of inhabitants in Attica and the Roman Empire never occurred because the rates of population growth within these regions were far less than 5 per 1,000 per year.
In fact, even under the most favorable circumstances, the highest average population growth rate in antiquity was probably little more than 1 per 1,000 per year for any long period and for any large population. During the Neolithic Revolution in Mesopotamia when society changed from a food-gathering to a food-producing economy and conditions for a high rate of natural increase were favorable, the average population growth rate seems to have been less than 1.3 per 1,000 per year including immigration into the region."8 When an ancient population suffered from an epidemic or famine-a far from infrequent occurrence-its numbers decreased. It is for these reasons that demographic historians assume a stable population for ancient societies, one in which the death rate was in essential equilibrium with the birth rate.'9 Finally, the average life expectancy at birth in antiquity was low, less than thirty years but above twenty years. This may be determined by analyzing the life expectancy in pre-and non-industrial societies where, as in the Greek and Roman world, agriculture predominates and there is a lack of doctors and useful medical knowledge. In such societies the life expectancy is regularly below 30 years.20 Life expectancy at birth would are not as important for this study as their rates of growth, which can be shown to have been low, regardless of initial population estimate. Population growth rates might have been higher among small groups within a population or in a larger group for a short period. The Greek world during the era of colonization in the eighth and subsequent centuries B.C. is often alleged to have experienced a high rate of population increase, but as C. Starr, The Economic and Social Growth of Early Greece, 800-500 B.C. (Oxford, 1977), p. 44, observes, this supposition is more asserted than demonstrated. Perhaps one could extend this observation to other eras of antiquity which allegedly experienced high population growth rates. have only minor, correctable biases regarding sex ratios and ages, they are the most valuable data available for life expectancy in antiquity, and they provide a welcome corrective to the highly improbable and frequently bizarre sex and age structures derived from skeletal evidence and tombstones.
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Furthermore, when a society's average life expectancy is low, the proportion of women surviving to the mean age of reproduction is small. Since there is a close mathematical relationship between these two numbers, the proportion of women surviving to childbearing age can be calculated when the society's average life expectancy at birth is known.24 Because of these constant relationships and the constant sex ratio at birth of 1:1.05, it is possible to calculate a society's birth rate for any given rate of natural increase once the average life expectancy is known. For a society with a stable rate of growth and an average life expectancy at birth of 25 years, the birth rate and the death rate will be about 40 per 1,000 per year. For a stable population with a life expectancy of about 20 years, the birth and death rates will be about 50 per 1,000 per year; and for a stable population with a life expectancy of about 30 years, the birth and death rates will be about 34 per 1,000 per year.25
To sum up so far, Greek and Roman populations had a stable or extremely low rate of natural increase (probably not exceeding 1 per 1,000 per year for more than a short period), a life expectancy at birth of between 20 and 30 years, most probably about 25 years, and birth and death rates between 34 and 50 per 1,000 per year, probably averaging about 40 per 1,000 per year. As in all human populations, the sex ratio at birth was 1: Even if by a heroic effort the society increased its birth rate from 40 per 1,000 per year to 50 per 1,000 per year, the demographic consequences of a high rate of female infanticide would still be catastrophic. This is because raising the birth rate from 40 to 50 per 1,000 per year in a society where the birth rate and death rate were in essential equilibrium at 40 per 1,000 would have little effect on the rate of natural increase, since the 10 additional individuals per 1,000 would not be immortal but would be subject to the same high mortality rates as the rest of the population. Hence, after the birth rate increased, the natural death rate (the death rate excluding infanticide) would increase substantially above 40 per 1,000 per year. Because of the high infant mortality in societies with an average life expectancy of 25 years, there is a good chance that of the 10 additional individuals per 1,000 added to the population after the birth rate was increased, 3 would die within one year of birth. In subsequent years, the death rate for the 10 additional individuals would include not only infant mortality, but also deaths in other age categories.27 Obviously, such a preposterous situation would never occur in any human or even animal population. It would not require a great deal of collective wisdom by any society to perceive that when one-fifth of female infant births were killed, the population suffered drastic declines in numbers. Nor would it require much intelligence to see that the only way to arrest such a decline was not to increase the birth rate only to kill off large numbers of infant girls, but not to kill the girls in the first place.
Clearly, high rates of female infanticide were impossible for any ancient population.28 Even low rates of female infanticide would increase the death rate and lower the birth rate, and in a stable or nearly stable population, this would cause the population to decline at a geometric rate. For these reasons, a rate of 10 percent of female births killed per year would be highly improbable, and the rate almost certainly never exceeded more than a few percent of female births in any era.29
Welleslev College 28. Of course, it is possible for a society to maintain its numbers despite a high rate of infanticide by importing massive numbers of migrants from elsewhere. These migrants, however, would submerge the native population in a relatively short period if a stable population and a high rate of infanticide were to be maintained. It is doubtful many would seriously postulate such an enormous rate of migration into any nation to maintain a contrived, complex hypothesis of a high rate of female infanticide. Any economical hypothesis would reject both high rates of infanticide and the massive immigration required to maintain a stable population under those circumstances.
29. I am grateful to Keith Hopkins and the anonymous referee of Classical Philology for their helpful suggestions.
